A b s t r a c t Nanoparticles of zinc (Zn NPs) and zinc oxide (ZnO NPs) are considered as materials of low toxicity, as Zn is the most important trace element in human body usually found in food and used as a food additive. Currently, there is a serious lack of information about the potential dangers of nanomaterials (NMs) for mammals, and particularly for human. Moreover, there is not enough information about their potential hazard for reproductive health. The aim of this study is to investigate the potential negative effects of positively charged 90 and 95 nm nanoparticles of zinc (Zn NPs) and zinc oxide (ZnO NPs) on metabolic processes during pregnancy according to morphological and biochemical blood indices, morphofunctional structure of liver and element status in Wistar rats and fetuses. Blood was collected from 21-day old animals. Of blood morphological indices, concentration of erythrocytes (10 12 /l), white blood cells (10 9 /l), hemoglobin (g/l), hematocrit (%) was estimated. In blood serum ALT (U/l), AST (U/l) and LDH (U/l) activity was assessed. Tissue samples were analyzed on a mass spectrometer Elan 9000 and atomic emission spectrometer Optima 2000 V (Perkin Elmer, USA). We did not observe embryo-fetal pathology in rats in the experiment. The concentration of red blood cells and hemoglobin increased when Zn NPs injected. ZnO NPs application led to the development of mild leukocytosis. Increasing activity of enzymes (ALT, AST, LDH) demonstrates the destructive process in hepatocytes of mother rats, which depends directly on the dose and type of the nanoparticles. Generally, the blood parameters confirm a potentially hepatotoxic effect of Zn NPs and ZnO NPs which was shown histologically. Microstructural changes of liver tissue (degeneration and cytolysis along with regeneration and functional activation of the body) may be considered as compensatory (adaptive) response to the toxic effects of the nanoparticles. According to the severity of these phenomena and given comparable doses, the ZnO NPs can be attributed to more toxic NPs than Zn NPs. Zn NPs and ZnO NPs did not lead to critical changes in the pool of macro-and microelements and Zn level in liver of mother rats and fetal tissues. There was an accumulation of essential elements, though it had no notable influence on the course and outcome of pregnancy in the rats. The most expressed biological effect of nanoparticles was observed in the rats at the maximum doses of Zn NPs and ZnO NPs.
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Keywords: rats, Zn NPs, ZnO NPs, blood, liver, pregnancy, fetus, chemical elements Zinc (Zn) and zinc oxide (ZnO) nanoparticles (NPs) are among the most commonly used nanomaterial groups [1] . ZnO NPs are used in the manufacture of plastics, ceramics, glass, cement, rubber, lubricants, paints, ointments, adhesives, sealants, pigments, batteries, ferrites, antipyrenes, etc. [2] . Zn NPs and ZnO NPs are capable of UV shielding and have antibacterial and deodoriz-ing effects with a potential wide use in cosmetics and in the production of sunscreens [3] , in the food industry as additives and in the composition of packages [4] , as fungicides in agriculture [5] , and as anticancer drugs [6, 7] .
Since zinc belongs to essential trace elements, Zn nanoparticles are usually considered as low toxicity substances. However, there are reports on the development of metal fume fever which may follow inhalation of ZnO vapor [8, 9] . At the same time, it is difficult to predict the effects of the contacts with zinc nanoparticles as nanomaterials exhibit high reactivity [10) , are well dispersible in various media [11] , and their uptake by living systems can occur by various mechanisms [12] .
Currently, there is a serious lack of information about the potential dangers of nanomaterials (NMs) for human health, and particularly about the potential effects on the endocrine and reproductive systems. There is evidence suggesting that NP effects may interfere with the regulation of blood sex hormone concentration. Some nanomaterials cause endocrine dysfunction [13] . Fetotoxic effects of nanosilica (70 nm) have been found; these effects are manifested in fetal resorption or limitation of fetal growth and development [15] .
We were the first to demonstrate that 90 and 95 nm positively charged Zn and ZnO nanoparticles have an impact on the overall pool of macro and microelements and Zn levels in the liver of rats and fetal tissues. Blood chemistry studies have found a potential hepatotoxic effect of these nanoparticles. At this, microstructural reorganization of the liver reflected degeneration and cytolysis processes. At the same time, compensatory reactions providing regeneration and organ function recovery took place.
The purpose of this study was to investigate the potential negative effects of Zn and ZnO nanoparticles on hematological parameters, morphofunctional structure of the liver and the level of essential elements in laboratory rats during pregnancy.
Ttechnique. The experiments were performed in accordance with the protocols of the Geneva Convention and the principles of Good Laboratory Practice (Russian Federation National Standard GOST R 53434-2009) [16] and with the instructions recommended by The Guide for the Care and Use of Laboratory Animals (National Academy Press Washington, DC, 1996). Animal care was carried out according to the Good Laboratory Practice in conducting preclinical research in the Russian Federation (GOST 51000.4-96 3) [17] . The experiments were conducted in compliance with the requirements of humane treatment of animals [18] . Standard operating procedures for biological objects were used in the experiment.
Zn NPs of 90.0±2.0 and 95.0±2.0 nm and ZnO NPs of 5.34 and 4.5-6.0 m 2 /g specific surface were used. Nanoparticles were produced by "Peredovye poroshkovye tekhnologii" (Tomsk) and Platina LLC (Moscow) using electric explosion of wire in argon atmosphere. Composition of Zn NPs: Zn -90 %, sorbed gases, ZnO, and H 2 O. Composition of ZnO NPs defined by plasma chemical method: ZnO -96 %, other metal oxides -4 %. Zn NP and ZnO NP for intraperitoneal administration were prepared in isotonic saline by 30 min processing in ultrasonic disperser UZDN-2T (SPE Akadempribor, Russia) (5 kHz, 300 W, 10 uA).
Studies were performed with Wistar rats under the conditions of biomedical clinic (Orenburg State University vivarium). Male and female rats aged 10 weeks were kept at a temperature of 20.8-23.0 С, relative humidity of 45-57 %, artificial lighting for 12 hours and 10-15-fold air exchange. For mating, the equal numbers of males and females were collected. Pregnancy was defined by the presence of vaginal plugs and sperm in a smear with daily studies. Pregnant rats were placed into a cage with stainless steel wire lids. Water and feed (normal diet) were provided ad libitum.
Healthy 3 months old pregnant females with body weights of 250-300 g (n = 60) were randomized into six groups (control group and five experimental groups). Group I rats were inoculated with Zn NPs (1.4 mg per 1 kg of live weight); group II rats -with Zn NPs (2.8 mg/kg); group III rats -with Zn NPs (7.1 mg/kg); group IV rats -with ZnO NPs (1.4 mg/kg), and group Vwith ZnO NPs (8.9 mg/kg). Nanoparticles (or 0.2 ml saline in the control) were administered in females in early pregnancy (immediately after diagnosis) once intraperitoneally in compliance with the rules of aseptics and antiseptics. During pregnancy, the animals were examined daily for clinical signs (mortality, overall appearance, and behavior). At the end of the experiment (day 21), rats were decapitated under nembutal anesthesia.
Erythrocyte count (10 12 /l), leukocyte count (10 9 /l), Hb (g/l) and hematocrit (%) were measured using an automated hematology analyzer URIT-2900 Vet Plus (URIT Medical Electronic Group Co., Ltd, China), alanine aminotransferase (ALT), aspartate aminotransferase (AST) and lactate dehydrogenase (LDH) activity (U/l) was determined by an automatic biochemical analyzer CS-T240 (DIRUI Industrial Co., Ltd, China) using commercial biochemical kits DiaVetTest for veterinary (Russia).
For morphological studies, pieces of liver tissue were fixed in 10 % neutral formalin and embedded in paraffin mixture HISTOMIX ® (BioVitrum LLC, Russia). The 5-6 μm thick histological sections were prepared using a semiautomatic microtome (01 MW, Tekhnom, Russia), stained with hematoxylin and eosin and examined under a light microscope MT 5300L (Meiji Techno Co., Ltd, Japan, ½400).
The content of chemical elements in the tissue samples studied was measured using a mass spectrometer Elan 9000 and atomic emission spectrometer Optima 2000V (Perkin Elmer, USA).
Statistical analysis compared the data from the experimental groups with the control using SPSS 19.0 (IBM Corporation, USA) and 10 Statistica (StatSoft Inc., USA) software. The p  0.05 level was considered statistically significant. The mother's body weight parameters were subjected to analysis of variance (ANOVA) and multiple comparison Scheffe test which was used when the differences were significant [19] .
Results. H e ma to lo g ica l p a ra me ter s a n d mo rp ho lo g ica l cha n g es in the r a t live r. We have found a significant increase in erythrocyte counts in the groups inoculated with Zn NPs at a dose of 2.8 and 7.1 mg/kg. By the end of the experiment, in the animals of froups II and III, this parameter exceed the reference values by 17.40 and 11.30%, respectively (p  0.05) ( A statistically significant increase in hemoglobin levels was observed in groups I and II, by 4.85 and 19.80 %, respectively (p  0.05) versus the control group (see Table 1 ).
Leukocyte counts in the blood of group IV and V animals were by 74.90 and 17.00 % greater, respectively (p  0.01) compared to control. Zn NPs at a dose of 7.1 mg/kg caused significant changes in leukocyte counts (see Table 1 ). The similar effect of nanoparticles upon intraperitoneal administration has been described previously [20] .
Blood aminotransferases (А) and lactate dehydrogenase (B) activity in pregnant Wistar rats at day 21 after intraperitoneal administration of Zn and ZnO nanoparticles (NPs) at various doses: а -alanine aminotransferase, b -aspartate aminotransferase; group I -1.4 mg/kg Zn NPs, group II -2.8 mg/kg Zn NPs, group III -7.1 mg/kg Zn NPs, group IV -1.4 mg/kg ZnO NPs, group V -8.9 mg/kg ZnO NPs; C -control. *, ** Differences with the control are statistically significant with p  0.05 and p  0.01, respectively.
Injections of Zn and ZnO NPs altered homeostatic blood parameters contributing to an increase in transaminases (ALT, AST) and LDH activity. At day 21, ALT values in groups III and IV were significantly higher compared to control by 48.60 % (p  0.05) and 29,60 % (p  0.01), respectively. With dosing 1.4 mg/kg ZnO NPs (group IV), blood AST activity was significantly increased by 40.80 % (p  0.01), and at a dose of 8.9 mg/kg (group V) it increased by 33.80 % (p  0.001) (Fig., A) .
This was due to the massive release of enzymes into the bloodstream with cell destruction caused by various pathological processes. Increased ALT and AST activity in the blood plasma is considered one of the markers of liver disorders and is regarded as a reliable sign of its parenchyma lesions, since this parameter is in the direct proportion to the degree of liver involvement in the pathological process [21] . Analysis of serum lactate dehydrogenase activity demonstrated a statistically significant difference versus control (by 20.68 %, p  0.01) when Zn NPs were administered at a moderate dosage (2.8 mg/kg) (see Fig., B) . Increased Zn NP doses and administration of comparable ZnO doses resulted in reduced LDH values, while the difference with control ranged from 8.09 to 12.64 %.
The diseases associated with tissue necrosis (myocardial infarction, necrotic kidney damage, hepatitis, pancreatitis) are known to be usually followed with a sharp increase in blood LDH activity [22] , so it is possible to assume that such changes in the level of LDH are associated with the destruction of a limited cell population.
Analysis of enzyme activity (ALT, AST, LDH) reflecting the functional state of the liver, was consistent with the data on the assessment of its microstructural reorganization when exposed to nanoparticles. The intensity of such reorganization was directly dependent on the dose and type of nanoparticles. Thus, in rats administered with Zn NPs, the implications of degenerative changes of hepatocytes in the central parts of the lobes (as beam lobule structure recovery) and residual degenerative events in small lobular areas were observed.
The number of hepatocytes with multiple nucleoli, polyploid and hyperchromatic nuclei increased, as well as the activity of Kupffer cells. Focal areas with the signs of necrosis and extensive zones with granular, atomized and vacuolar hepatocyte dystrophy were found only when ZnO NPs were administered. Increasing Zn NP doses to 8.9 mg/kg deepened necro-degenerative processes in the liver locally, on the one hand, and on the other hand, resulted in an increase in the areas of the islets of active proliferation of hepatocytes with larger, often polyploid nuclei, indicating activation of tissue regeneration.
In general, microstructural reorganization of the liver at day 21 after intraperitoneal injection of zinc nanoparticles in which there were cytolysis and degenerative changes, on the one hand, and regeneration and functional activation, on the other hand, may be considered as compensatory (adaptive) reactions with hepatotoxic effects of the nanoparticles used. According to the severity of these events and considering the comparable doses, ZnO NPs can be attributed to the most toxic ones compared to Zn NPs.
The early development of liver and lung tissue abnormalities is described under inhalative administration of ZnO NPs in rats at a dose of 2.5 mg/kg [23] . Probably, ZnO NPs can cause disorders in the energy metabolism, mitochondria and cell membranes in the rat kidney [24] .
The issue of NP natural transition from the mother to the fetus is still poorly understood [25] . At the same time, publications describe some of the embryolethal effects of nanomaterials [26] . There is evidence of metal nanoparticle penetration to the liver and spleen of embryos from the mother's body [27] .
We found no effects of Zn NPs and ZnO NPs on the course of pregnancy. Embryonic mortality and the ratio of live and dead fetuses were not different in the experiment and control, and there were no underdeveloped embryos and fetuses with external malformations in none of the groups. There were no statistically significant differences in the number and weight of fetuses between the groups and the control. These findings disagree with the results obtained by H. Zhang et al. [28] who stated a reduction in the reproductive qualities in rats under the effect of ZnO NPs. L e v e l s o f m i c r o -a n d m a c r o e l e m e n t s i n t h e t i s s u e s o f p r e g n a n t r a t s a n d t h e f e t u s. The total amount of Zn in group I and group II fetuses was, respectively, by 10.80 and 5.39 % lower than in the control group. The increases in this parameter versus control were observed: by 1.20 % in group III, by 7.19 % in group IV, and by 12.60 % in group V. Only the maximum Zn concentration (18.8±3.04 μg/g) with ZnO NP administration at a dose of 8.9 mg/kg had a significant effect on the fetal accumulation of zinc in group V ( Table 2) .
Levels of chemical elements
Administration of Zn NPs and ZnO NPs was not followed by significant changes in the chemical composition of the liver in mother rats (see Table 2 ), but an increase in the level of essential elements in group V was tended.
The nature of these changes was due to a slight increase in the levels of I, Cu, Fe, and Se in the liver of group V rats. The amount of essential elements in the liver of group IV rats decreased compared to control. Our results suggest a possible increase in the bioavailability of a number of essential elements with Zn NP and ZnO NP administration.
Thus, with intraperitoneal administration of Zn and ZnO nanoparticles (Zn NPs and ZnO NPs) in pregnant rats, we observed no embryo-fetal abnormalities. A significant increase in the number of red blood cells and hemoglobin concentration were demonstrated under Zn NP administration. Administration of ZnO NPs resulted in the development of mild leukocytosis. Increased enzyme activity (alanine aminotransferase, aspartate aminotransferase, and lactate dehydrogenase) in females indicates destructive processes in hepatocytes the intensity of which is directly dependent on the dose and type of nanoparticles. The study of blood chemical parameters confirm a potentially hepatotoxic effect of Zn NPs and ZnO NPs as evidenced by microstructural reorganization of the liver reflecting degenerative changes and cytolysis, on the one hand, and regeneration and functional activation of the organ, on the other hand, which may be considered as compensatory (adaptive) reactions to the toxic effects of nanoparticles. According to the severity of the events described and considering the comparable doses, ZnO NPs can be attributed to the most toxic ones compared to Zn NPs. Administration of Zn NPs and ZnO NPs did not cause critical changes in the pool of macro-and microelements and Zn accumulation in the liver of mother rats and fetal tissues. A slight accumulation of essential elements was observed which had no effects on the course and outcome of pregnancy, however.
